Cyanobacteria have been implicated in the etiology of ALS for the past 50 years. The weakness of the theories of cyanobacteria or its neurotoxin, BMAA as the etiologic agent in ALS is the iniquitousness of cyanobacteria in the environment. In third world countries, clean water is far from commonplace, the exposure to cyanobacteria higher, yet the incidence of ALS is probably less than it is in developed countries. Even in the developed world, exposure to cyanobacteria is commonplace. Differences in the gut microbiome, possibly the presence of Proteobacteria, a protective agent against cyanobacteria toxins, may be important.
Hypothesis
Exposure to Cyanobacteria and/or its toxin, BMAA is commonplace by adulthood in virtually all adults. The occurrence of ALS is a function of genetic susceptibility, changes due to aging and the possible alterations in the gut microbiome. Proteobacteria may be protective.
Introduction/Background
High incidence of amyotrophic lateral sclerosis within major food webs, some ending in human consumption, has been alarming [1] . A prevailing theory has been that long term, chronic exposure to low levels of BMAA through the environment, in areas with algae blooms, occurs through biomagnification which might cause ALS in genetically predisposed individuals. Recent studies from Scandinavia have been far less supportive, finding limited evidence for the theory among retail coastal seafood. BMAA was identified in blue mussel, oyster, shrimp, plaice, char and herring, but was undetectable in other samples (salmon, cod, perch and crayfish) casting doubt on biomagnification in many seafood networks humans eat [2] . Others are more skeptical of any cyanobacteria or BMAA connection and believe poor reporting and analysis and prolific errors have weakened the research [3] . Yet, research from plausible, rational studies showing a possible link have been published in credible journals.
Hypothesis/Theory
The unrecognized weakness of the cyanobacteria theory is the "dirty water" problem. Throughout most of time and now in many parts of the world, clean water hasn't existed. People drank water contaminated with many things, including cyanobacteria, for millennia. In Granted, in most primitive societies, most individuals don't live to their 60s. Even so, we would expect the frequency of affliction to have been much greater than is common now. Reported experiences would have shown ALS incidence to be higher than the US rate and very common in the third world, but it hasn't. Most investigators would be surprised to find the incidence rate even equivalent to the US.
BMAA, a neurotoxic, highly reactive nonessential amino acid, can be found either free or protein-bound. It is produced from members from all major cyanobacteria groups [4] and for this reason it is believed to be widespread in freshwater systems and habitats such as received the right amount of certain substrates [6] .
Similarly, in cultured environments cyanobacteria BMAA production is increased in a nitrogen depleted environment [7] . Thus, this provides some plausible rationale for the clinical observation of improved outcomes and recommendation for high protein diets in ALS patients.
The GI tract contains the largest reservoir of microbes in the human body. Of the 55 bacterial divisions currently identified, only two are prominent in mammalian GI-tract microbiome, the anaerobic Bacteroidetes (~48%) and Firmicutes (~51%), with the remaining phylotypes (~1-2%) distributed amongst Actinobacteria, Proteobacteria, and Fusobacteria with various species of fungi, protozoa, viruses, and other microorganisms making up the remainder (<1%) [8] .
Not all the species in the gut have been identified because most cannot be grown [9] , [10] and identification of specific organisms is difficult. Each individual has a uniquely proportioned composition of microorganisms in their gut --a result of diet, exposure, immunology and genetics. Only a small number of species are shared by all individuals constituting the human intestinal microbiome phylogenetic core [11] .
Hence, it would seem implausible that ALS is due to a deficiency in this common core of organisms because it affects just 1-2 per 100,000 in the US population with small variability depending on race and ethnicity. Gut populations of species vary widely among different individuals but stay fairly constant within an individual over time, even though some alterations may occur with changes in lifestyle, diet and age [12] , [13] . Colonization history, exotic exposures through foreign travel and immune status may all contribute to flora content and constituent quantity [14] . In the face of age related increased bowel absorptive changes, reductions in absolute gut microbe numbers and possibly "beneficial" bacteria, previously tolerated chronic low levels of BMAA production by cyanobacteria colonization may become pathogenic [15] . Recent animal findings suggest that environmental factors maybe more important than genetic suseptibility in determining who manifests ALS.
In animal models, the "non-pathogenic" composition gut microbiome dramatically determines colonic permeability even in genetically identical immunocompetent animals [16] , [17] . Proteobacteria is protective as long as the gut microbiome is important. Theoretically, by re-establishing homeostasis within the gut microbiome, the harmful effects of ALS maybe mediated, the disease stabilized or perhaps even reversed. An anecdotal report apparently exists but no data directly implicating the fecal microbiome in ALS, nor published case reports of fecal transplantation being successfully used in ALS patients were identified in a recent review [22] .
